Antibiotic neutralization in blood culture media from two automated systems was evaluated by measuring the recovery of organisms and times to detection in simulated cultures. Overall, BD Bactec Plus media (Bactec FX system) outperformed TREK 80 ml Redox media (VersaTREK system), although results suggest a relative rather than an absolute increased rate of recovery for the Bactec media.
Blood samples taken from patients on antibiotic therapy can delay or prevent the detection of bacteremia in automated blood culture systems. BD Bactec Plus media on the new Bactec FX and the incumbent 9000 series blood culture systems (BD Diagnostics, Sparks, MD) utilize cationic-exchange and adsorbent nonionic resins to remove antibiotics from blood samples. In contrast, 80 ml Redox media on the VersaTREK blood culture system (TREK Diagnostics, Cleveland, OH) rely on an optimal 1:9 blood-broth dilution to neutralize antibiotic effects. Few recent studies (1, 2, 3) have compared VersaTREK media to Bactec media for antibiotic inactivation. This in vitro study compared the abilities of both systems and all media to neutralize various antibiotics at simulated trough (T), midlevel (M), and peak (P) therapeutic concentrations in serum when tested against susceptible bacterial challenge organisms.
Bactec Plus Aerobic/F (30 ml) (Bactec) media and TREK 80A aerobic Redox 1 (80 ml) (TREK) media were used for all challenge organisms. Bactec Plus Anaerobic/F (25 ml) media and TREK 80N anaerobic Redox 2 media (80 ml) were also used for Streptococcus oralis and Streptococcus pneumoniae. Stock solutions of each antibiotic (0.1 ml) were potency adjusted to simulate T, M, and P concentrations in serum based on 10 ml of blood per medium bottle. Antibiotics were chosen for clinical relevance, and serum concentrations were based on current dosing recommendations. The antibiotics tested (final T, M, and P concentrations, respectively, in g/ml) were as follows: ampicillin (3, 12, 47) , cefepime (4, 19, 164) , ceftriaxone (15, 46, 250), levofloxacin (1.3, 4.5, 12), piperacillin-tazobactam (1.4-0.2, 16-2, 298-37), and vancomycin (10, 25, 50) . These were tested against ATCC challenge strains as indicated in Tables 1 and 2 . Concentrations for each antibiotic were per the manufacturer or calculated from the antibiotic's half-life and based on recommended doses for the treatment of severe infections in an average-weight adult with normal renal function. A susceptible MIC for each antibiotic was confirmed by replicate testing using the Etest agar gradient method (bioMérieux SA) for each relevant bacterial species tested against that drug. Medium bottles were inoculated with 10 ml banked whole blood (Interstate Blood Bank, Inc., Memphis, TN) that was not more than 5 days old, 0.1 ml potency-adjusted antibiotic (or saline for controls), and 0.1 ml challenge organism suspended in 0.85% saline containing between 10 and 100 CFU (inocula were confirmed by colony count plating). Inoculated bottles were incubated per the 5-day protocol on the respective instruments. Each organism/antibiotic concentration was run concurrently in triplicate for a total of two trial replications on two separate days. Antibiotic neutralization was measured as the percent recovery of organisms and time to detection (TTD) in seeded, antibiotic-containing blood culture bottles. Data are reported as aggregate results from all trials and were analyzed using SAS software (SAS Institute, Cary, NC). Organism recoveries were compared using Fisher's exact test, with a P value of Ͻ0.05 indicating statistical significance.
The overall percent recovery of organisms with Bactec media was 57.8% (198/342 bottles), and that with TREK media was 16.9% (58/342 bottles). This difference was statistically significant (P Ͻ 0.0001). Results were further stratified by medium type and antibiotic concentrations (Table 1) . Differences were statistically significant in favor of Bactec. There were no instances in which both systems performed equally well at recovering challenge organisms for all concentrations of a specific antibiotic (Table 2 ). Significant differences between the two systems were observed for specific concentrations of agents. For all concentrations of vancomycin, organism recoveries with Bactec media were significantly different since no challenge organisms, including Staphylococcus aureus, were recovered with TREK media. For all concentrations of ceftriaxone, both systems failed to recover any Streptococcus pneumoniae or Streptococcus oralis organisms despite their acceptable growth in control bottles. Results are further tabulated in Table 2 . a Antibiotic concentrations (g/ml) at trough, midlevel, and peak. b "Recovered" means the number of bottles from which organisms were recovered. TTDs are in hours (values are rounded to the nearest decimal). "Combined" means the summed number of T, M, and P bottles in which organisms were recovered/total number of bottles tested. c NA, not applicable (no organism growth in any bottles).
Results showed Bactec Plus media to be significantly more efficient at recovering challenge organisms in the presence of antibiotics than TREK Redox media. For both systems, when percent organism recovery was not 100%, it decreased with increasing amounts of antibiotic, consistent with expectations (4, 6, 11). (Two outliers of this finding are evident in Table 2 for TREK media; for ampicillin, there was recovery of Enterococcus faecalis at trough and peak concentrations but not at the midlevel concentration, and for vancomycin, there was recovery of E. faecalis only at the peak concentration of vancomycin. For each of these apparent paradoxes, the possibility of a clerical error or variation in bottle inoculation [pipetting] cannot be excluded).
The current study design intentionally mirrored one used by Flayhart et al. (4) for their comparison of Bactec and BacT/ Alert medium, but we used the Bactec FX instrument and the 30-ml Plus Aerobic/F bottle (instead of the model 9240 cabinet and 25-ml Plus Aerobic/F bottle); slightly different T, M, and P concentrations of antibiotics in serum were based on our clinical pharmacist's calculations. Our results are similar to those reported by Flayhart et al. However, the overall recovery of organisms with Bactec media (68.4%) and recovery of organisms from test bottles (57.8%) in this study differ from those of Flayhart et al. (95.1% and 93.4%, respectively) and are likely attributable to differences in MICs or the numbers of organisms or antibiotics used. Where calculated serum concentrations were the same and results could be equitably compared, both our study and that of Flayhart et al. showed equivalent or enhanced recoveries of organisms with Bactec media versus the comparator system (4). Notable variations in Bactec medium performance between the two studies include recoveries of S. pneumoniae in the presence of ampicillin, S. aureus (methicillin-susceptible S. aureus [MSSA] ) in the presence of vancomycin, and Escherichia coli and Pseudomonas aeruginosa in the presence of cefepime. In each instance, higher percentages of organisms were recovered with Bactec media in the study of Flayhart et al. than in the present study. However, in our study, more S. pneumoniae organisms were recovered with Bactec media in the presence of vancomycin than in the study of Flayhart et al. We used lower calculated midlevel antibiotic concentrations than did Flayhart et al., but our recovery rates with Bactec media were lower. These differences are possibly due to variations in inoculum at extremes of the allowed range or differences in antibiotic MICs (data were unable to be compared). In the present study, Bactec media also provided an advantage over TREK media with regard to overall TTD (Table 1) . A delay in detection time was generally dependent on an increased concentration of antibiotic, consistent with the results of other studies (8, 10) . Divergent results seem to be due to a majority of isolates not growing within 5 days at the higher drug concentration.
LaBombardi et al. (6) also noted discrepancies between Simulated trials do not account for any advantages that might be conferred to TREK media by patient serum-related antibiotic-neutralizing factors in the context of broth dilution; to date, this has not been thoroughly evaluated by controlled clinical studies. Our findings suggest a relative rather than an absolute advantage for the Bactec system compared to the TREK system, within the limitations of a simulated study. The time of draw for blood cultures should remain an important clinical consideration to ensure that samples are taken at the lowest possible levels of antibiotics in serum in order to facilitate optimal recovery of bloodstream pathogens.
